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NUCLEOSIDE COMPOUNDS FOR TREATING 
VIRAL INFECTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/861,090 ?led Jun. 4, 2004 
Which, in turn, claims the bene?t under 35 U.S.C. § 119(e) 
of US. Provisional Patent Application Ser. No. 60/515,153 
?led Oct. 27, 2003. The present application also claims the 
bene?t under 35 USC § 119(e) of US. Provisional Patent 
Application Ser. No. 60/602,815 ?led Aug. 18, 2004. All of 
these applications are incorporated herein by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to methods for preparing 
particular compounds for treating viral infections in mam 
mals mediated, at least in part, by a virus in the ?aviviridae 
family of viruses. This invention is also directed to novel 
intermediates utiliZed in these methods. 

[0004] 2. References 

[0005] The folloWing publications are cited in this appli 
cation as superscript numbers: 

[0006] 1. Giangaspero, et al.,Arch. Virol. Suppl., 7: 53-62 
(1993); 
[0007] 2. Giangaspero, etal., Int. J. STD. AIDS, 4(5): 
300-302 (1993); 

[0008] 3. Yolken, et al., Lancet, 1(8637): 517-20 (1989); 

[0009] 4. Wilks, et al., Lancet, 1(8629): 107 (1989); 

[0010] 5. Giangaspero, et al., Lancet, 2: 110 (1988); 

[0011] 6. Potts, et al., Lancet, 1(8539): 972-973 (1987); 
[0012] 7. Cornberg, et al., “Hepatitis C: therapeutic per 
spectives.” Forum (Genova), 11(2):154-62 (2001); 
[0013] 8. Dymock, et al., Antivir. Chem. Chemother. 
11(2):79-96 (2000); 
[0014] 9. Devos, et al., International Patent Application 
Publication No. W0 02/ 18404 A2, published 7 Mar. 2002; 

[0015] 10. Sommadossi, et al., International Patent Appli 
cation Publication No. WO 01/90121, published 23 May, 
2001; 

[0016] 
[0017] 11. Carroll, S. S., et al., International Patent Appli 
cation Publication No. WO 02057287, published 25 Jul. 
2002; 

[0018] 
[0019] 12. Carroll, S. S., et al., International Patent Appli 
cation Publication No. WO 02057425, published 25 Jul. 
2002; 
[0020] 13. Roberts, et al., US. patent application Ser. No. 
10/861,090, ?led Jun. 4, 2004. 

[0021] 14. Roberts, et al., US. patent application Ser. No. 
10/861,311, ?led Jun. 4, 2004. 

[0022] All of the above publications and applications are 
herein incorporated by reference in their entirety to the same 
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extent as if each individual publication or application Was 
speci?cally and individually indicated to be incorporated by 
reference in its entirety. 

State of the Art 

[0023] The Flaviviridae family of viruses is composed of 
three genera: pestivirus, ?avivirus and hepacivirus (hepatitis 
C virus). Of these genera, ?aviviruses and hepaciviruses 
represent important pathogens of man and are prevalent 
throughout the World. There are 38 ?aviviruses associated 
With human disease, including the dengue fever viruses, 
yelloW fever virus and Japanese encephalitis virus. Flavivi 
ruses cause a range of acute febrile illnesses and encephalitic 
and hemorrhagic diseases. Hepaciviruses currently infect 
approximately 2 to 3% of the World population and cause 
persistent infections leading to chronic liver disease, cirrho 
sis, hepatocellular carcinoma and liver failure. Human pes 
tiviruses have not been as extensively characteriZed as the 
animal pestiviruses. HoWever, serological surveys indicate 
considerable pestivirus exposure in humans. Pestivirus 
infections in man have been implicated in several diseases 
including, but not likely limited to, congenital brain injury, 
infantile gastroenteritis and chronic diarrhea in human 
immunode?ciency virus (HIV) positive patients.1'6 
[0024] Currently, there are no antiviral pharmaceutical 
drugs to prevent or treat pestivirus or ?avivirus infections. 
For hepacivirus, i.e., hepatitis C virus (HCV) infections, 
interferon alpha (IFN) is currently the only approved drug in 
the United States. HCV is a major causative agent for 
post-transfusion and for sporadic non-A, non-B hepatitis. 
Infection by HCV is insidious in a high proportion of 
chronically infected (and infectious) carriers Who may not 
experience clinical symptoms for many years. 

[0025] At present, the only acceptable treatment for 
chronic HCV is interferon (IFN-alpha) and this requires at 
least six (6) months of treatment and/or ribavirin, Which can 
inhibit viral replication in infected cells and also improve 
liver function in some people. 

[0026] IFN-alpha belongs to a family of naturally occur 
ring small proteins With characteristic biological effects such 
as antiviral, immunoregulatory and antitumoral activities 
that are produced and secreted by most animal nucleated 
cells in response to several diseases, in particular viral 
infections. IFN-alpha is an important regulator of groWth 
and differentiation affecting cellular communication and 
immunological control. Treatment of HCV With interferon, 
hoWever, has limited long term ef?cacy With a response rate 
about 25%. In addition, treatment of HCV With interferon 
has frequently been associated With adverse side effects such 
as fatigue, fever, chills, headache, myalgias, arthralgias, 
mild alopecia, psychiatric effects and associated disorders, 
autoimmune phenomena and associated disorders and thy 
roid dysfunction. 

[0027] Ribavirin (1-[3-D-ribofuranosyl-1 H-1,2,-4-triaZ 
ole-3-carboxamide), an inhibitor of inosine 5‘-monophos 
phate dehydrogenase (IMPDH), enhances the ef?cacy of 
IFN-alpha in the treatment of HCV. Despite the introduction 
of Ribavirin, more than 50% of the patients do not eliminate 
the virus With the current standard therapy of interferon 
alpha (IFN) and Ribavirin. By noW, standard therapy of 
chronic hepatitis C has been changed to the combination of 
PEG-IFN plus ribavirin. HoWever, a number of patients still 
have signi?cant side effects, primarily related to Ribavirin. 
Ribavirin causes signi?cant hemolysis in 10-20% of patients 
treated at currently recommended doses, and the drug is both 
teratogenic and embryotoxic. 
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[0028] Other approaches are being taken to combat the 
virus. They include, for example, application of antisense 
oligonucleotides or riboZymes for inhibiting HCV replica 
tion. Furthermore, loW-molecular Weight compounds that 
directly inhibit HCV proteins and interfere With viral repli 
cation are considered as attractive strategies to control HCV 
infection. NS3/4A serine protease, ribonucleic acid (RNA) 
helicase, RNA-dependent RNA polymerase are considered 
as potential targets for neW drugs.7’8 

[0029] Devos, et al.9 describes purine and pyrimidine 
nucleoside derivatives and their use as inhibitors of HCV 
RNA replication. Sommadossi, et al.10 describes 1‘, 2‘ or 
3‘-modi?ed nucleosides and their use for treating a host 
infected With HCV. Carroll, et al.11’12’ describes nucleosides 
as inhibitors of RNA-dependent RNA viral polymerase. 

[0030] Recently, Roberts, et al.13’14 disclosed that certain 
7-(2‘-substituted-[3—D-ribofuranosyl)-4-amino-5-(optionally 
substituted ethyn-1-yl)-pyrrolo[2,3-d]pyrimidine com 
pounds possess potent activity against HCV. These refer 
ences are incorporated herein by reference in their entirety. 

SUMMARY OF THE INVENTION 

[0031] This invention is directed to novel compounds that 
are useful in the viral infections in mammals mediated, at 
least in par,t by a virus in the ?aviviridae family of viruses. 
Speci?cally this invention is directed to compounds of 
Formula I: 

W\Y / l j 
o N N 

CH3 

W10 0W2 

[0032] Wherein 

[0033] Y is selected from the group consisting of a bond, 
—CH2— or —O—; 

[0034] each of W, W1 and W2 is independently selected 
from the group consisting of hydrogen and a pharmaceuti 
cally acceptable prodrug; and 

[0035] pharmaceutically acceptable salts or partial salts 
thereof. 

[0036] 
[0037] In another preferred embodiment each of W, W1, 
and W2 is independently hydrogen or a pharmaceutically 
acceptable prodrug selected from the group consisting of 
acyl, oXyacyl, phosphonate, phosphate, phosphate esters, 
phosphonamidate, phosphorodiamidate, phosphoramidate 
monoester, cyclic phosphoramidate, cyclic phosphorodiami 
date, phosphoramidate diester, and —C(O)CHR2NH2 Where 
R2 is selected from the group consisiting of hydrogen, alkyl, 
substituted alkyl, aryl, substituted aryl, cycloalkyl, substi 
tuted cycloalkyl, heteroaryl, substituted hetereoaryl, hetero 
cyclic and substituted heterocyclic. Preferably, R2 is a 
sidechain of an amino acid. Preferably, W is hydrogen, or Wl 

In one preferred embodiment, Y is oxygen. 
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is hydrogen, or W2 is hydrogen. More preferabl , W and W1 
are hydrogen, or W and W are hydrogen, or W and W2 are 
hydrogen. Even more preferably, W, W1 and W2 are hydro 
gen. 

[0038] In still another preferred embodiment W1 and W2 
are hydrogen and W is hydrogen or a pharmaceutically 
acceptable prodrug selected from the group consisting of 
acyl, oXyacyl, phosphonate, phosphate esters, phosphate, 
phosphonamidate, phosphorodiamidate, phosphoramidate 
monoester, cyclic phosphoramidate, cyclic phosphorodiami 
date, phosphoramidate diester, and —C(O)CHR2NH2. 
[0039] In one particularly preferred embodiment, W1 and 
W2 are hydrogen and W is represented by the formula: 

[0040] Where R2 is as de?ned above, R3 is hydrogen or 
alkyl and R1 is selected from the group consisting of alkyl, 
substutituted alkyl, aryl, substituted aryl, cycloalkyl, substi 
tuted cycloalkyl, heteroaryl, substituted heteroaryl, hetero 
cyclic and substituted heterocyclic. In a preferred embodi 
ment R2 is derived from an L-amino acid. 

[0041] In another particularly preferred embodiment, W 
and W2 are hydrogen and W1 is represented by the formula: 

[0042] Where R2 is as de?ned above. 

[0043] A particularly preferred aspect of this invention is 
directed to compounds of Formula II: 

H n 

\\ NH2 

W\ / I \JN 
o O N N/ 

CH3 

OH OH 

[0044] Wherein 
[0045] W is selected from the group consisting of hydro 
gen and a pharmaceutically acceptable prodrug;. 

[0046] or pharmaceutically acceptable salts or partial salts 
thereof. 
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[0047] Preferred compounds of this invention include 
those set forth in Table I below: 

TABLE I 

# Structure Name 

101 H 7-(2'-C—rnethy1—[5-D-ribofuranosyD-4 
amino-5-(ethyn-1—y1)—pyrro1o[2,3— 

d]pyrirnidine 
\ NHZ 

/ | \N 
HO N N2 

O 

HO OH 

102 H 7-(2'—C—rnethyl—5'—phospho—ot-D— 
ribofuranosy1)—4—arnino—5—(ethyn—1—y1)— 

pyrrolo[2,3—d]pyrirnidine 
\ NH2 

/ | \N 
(HO)2O(O)O N N) 

O 

HO OH 

103 H 7-(2'-C—rnethy1—5'—diphospho—[5-D 
ribofuranosy1)—4—arnino—5—[ethyn—1—y1]— 

pyrrolo[2,3—d]pyrirnidine 
\ NHZ 

\ N 

TH / I 1 
(HO)2P(O)OP(O)O N N/ 

O 

HO OH 

104 H 7-(2'—C—rnethy1—5'-triphospho—[5-D— 

Z 

W 
HO 
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TABLE I-continued 
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# Structure Name 

105 H 
alaninyl)phosphate- [5—D—ribofuranosyl) 

\\ NH; 

' 2 o 

l | o >iN—P/ H | 
C 0 

O HO OH 
106 H 

)3 
Z \ 

Z 

/ |\N 
HO N 2 

O N 

o 

HZN 
0 OH 

107 H 

\\ NH, 

/ | \N 
HO N N) 

o 

o 

0 OH 

HZN 

pyrrolo[2,3—d]pyrimidine 

[0048] Compounds of this invention are either active as 
antiviral agents or are useful as intermediates in the prepa 
ration of antiviral agents as described herein. 

[0049] This invention is also directed to pharmaceutical 
compositions comprising a pharmaceutically acceptable 
diluent and a therapeutically effective amount of a com 
pound as described herein or mixtures of one or more of 
such compounds. 

[0050] This invention is still further directed to methods 
for treating a viral infection mediated at least in part by a 
virus in the ?aviviridae family of viruses, such as HCV, in 
mammals Which methods comprise administering to a mam 
mal, that has been diagnosed With said viral infection or is 

at risk of developing said viral infection, a pharmaceutical 
composition comprising a pharmaceutically acceptable dilu 
ent and a therapeutically effective amount of a compound as 
described herein or mixtures of one or more of such com 

pounds. 

[0051] In yet another embodiment of the invention, meth 
ods of treating or preventing viral infections in mammals are 
provided Wherein the compounds of this invention are 
administered in combination With the administration of a 
therapeutically effective amount of one or more agents 
active against HCV. Active agents against HCV include 
ribavirin, levovirin, viramidine, thymosin alpha-1, an inhibi 
tor of N53 serine protease, and inhibitor of inosine mono 
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phosphate dehydrogenase, interferon-alpha or pegylated 
interferon-alpha, either alone or in combination With ribavi 
rin or levovirin. Prefereably the additional agent active 
against HCV is interferon-alpha or pegylated interferon 
alpha alone or in combination With ribavirin or levovirin. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] The invention is directed to compounds, composi 
tions and methods for treating?aviviridae viruses, such as 
hepatitis C virus infections. HoWever, prior to describing 
this invention in detail, the following terms Will ?rst be 
de?ned: 

[0053] De?nitions 

[0054] As used herein, the term “alkyl” refers to alkyl 
groups having from 1 to 6 carbon atoms and more preferably 
1 to 2 carbon atoms. This term is exempli?ed by groups such 
as methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, 
n-pentyl and the like. 

[0055] “Substituted alkyl” refers to an alkyl group having 
from 1 to 3, and preferably 1 to 2, substituents selected from 
the group consisting of alkoxy, substituted alkoxy, acyl, 
acylamino, acyloxy, oxyacyl, amino, substituted amino, 
aminoacyl, aryl, substituted aryl, aryloxy, substituted ary 
loxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl 
esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic. 

[0056] “Alkoxy” refers to the group “alkyl-O—” Which 
includes, by Way of example, methoxy, ethoxy, n-propoxy, 
iso-propoxy, n-butoxy, t-butoxy, sec-butoxy, n-pentoxy and 
the like. 

[0057] “Substituted alkoxy” refers to the group “substi 
tuted alkyl-O—”. 

[0058] “Acyl” refers to the groups alkyl-C(O)—, substi 
tuted alkyl-C(O)—, alkenyl-C(O)—, substituted alkenyl 
C(O)—, alkynyl-C(O)—, substituted alkynyl-C(O)—, 
cycloalkyl-C(O)—, substituted cycloalkyl-C(O)—, aryl 
C(O)—, substituted aryl-C(O)—, heteroaryl-C(O)—, sub 
stituted heteroaryl-C(O), heterocyclic—C(O)—, and substi 
tuted heterocyclic—C(O)—. 

[0059] “Acylamino” refers to the group —C(O)NR“R4 
Where each R4 is independently selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, sub 
stituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic 
and Where each R4 is joined to form together With the 
nitrogen atom a heterocyclic or substituted heterocyclic ring. 

[0060] “Acyloxy” refers to the groups alkyl-C(O)O—, 
substituted alkyl-C(O)O—, alkenyl-C(O)O—, substituted 
alkenyl-C(O)O—, alkynyl-C(O)O—, substituted alkynyl 
C(O)O—, aryl-C(O)O—, substituted aryl-C(O)O—, 
cycloalkyl-C(O)O—, substituted cycloalkyl-C(O)O—, het 
eroaryl-C(O)O—, substituted heteroaryl-C(O)O—, hetero 
cyclic-C(O)O—, and substituted heterocyclic-C(O)O—. 

[0061] “Oxyacyl” refers to the groups alkyl-OC(O)—, 
substituted alkyl-OC(O)—, alkenyl-OC(O)—, substituted 
alkenyl-OC(O)—, alkynyl-OC(O)—, substituted alkynyl 
OC(O)—, aryl-OC(O)—, substituted aryl-OC(O)—, 
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cycloalkyl-OC(O)—, substituted cycloalkyl-OC(O)—, het 
eroaryl-OC(O)—, substituted heteroaryl-OC(O)—, hetero 
cyclic-OC(O)—, and substituted heterocyclic-OC(O)—. 

[0062] “Alkenyl” refers to alkenyl group having from 2 to 
6 carbon atoms and preferably 2 to 4 carbon atoms and 
having at least 1 and preferably from 1-2 sites of alkenyl 
unsaturation. Such groups are exempli?ed by vinyl (ethen 
1-yl), allyl, but-3-en-1-yl, and the like. 

[0063] “Substituted alkenyl” refers to alkenyl groups hav 
ing from 1 to 3 substituents, and preferably 1 to 2 substitu 
ents, selected from the group consisting of alkoxy, substi 
tuted alkoxy, acyl, acylamino, acyloxy, amino, substituted 
amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted 
aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl 
esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic 
With the proviso that any hydroxyl substitution is not 
attached to a vinyl (unsaturated) carbon atom. Preferred 
substituted alkenyl groups are selected from, but not limit to, 
2,2-di?uoroethen-1-yl, 2-methoxyethen-1-yl, and the like. 

[0064] It is understood that the term “substituted alkenyl” 
includes both E (cis) and Z (trans) isomers as appropriate. 
The isomers can be pure isomeric compounds or mixtures of 
E and Z components. 

[0065] “Alkynyl” refers to an unsaturated hydrocarbon 
having at least 1 site of alkynyl unsaturation and having 
from 2 to 6 carbon atoms and more preferably 2 to 4 carbon 
atoms. Preferred alkynyl groups are selected from but not 
limit to ethyn-1-yl, propyn-1-yl, propyn-2-yl, 1-methylprop 
2-yn-1-yl, butyn-1-yl, butyn-2-yl, butyn-3-yl, and the like. 

[0066] “Substituted alkynyl” refers to alkynyl groups hav 
ing from 1 to 3 substituents, and preferably 1 to 2 substitu 
ents, selected from the group consisting of alkoxy, substi 
tuted alkoxy, acyl, acylamino, acyloxy, amino, substituted 
amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted 
aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl 
esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic. 
Preferred substituted alkynyl groups are selected from but 
not limit to 2-?uoroethyn-1-yl, 3,3,3-tri?uoropropyn-1-yl, 
3-aminopropyn-1-yl, 3-hydroxypropyn-1-yl, and the like. 

[0067] 
[0068] “Substituted amino” refers to the group —NR‘R“ 
Where R‘ and R“ are independently selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, aryl, sub 
stituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic 
and Where R‘ and R“ are joined, together With the nitrogen 
bound thereto to form a heterocyclic or substituted hetero 
cyclic group provided that R‘ and R“ are both not hydrogen. 
When R‘ is hydrogen and R“ is alkyl, the substituted amino 
group is sometimes referred to herein as alkylamino. When 
R‘ and R“ are alkyl, the substituted amino group is some 
times referred to herein as dialkylamino. 

“Amino” refers to the group —NH2. 

[0069] “Amino acyl” refers to the groups 
—NR5 C(O) alkyl, —NR5 C(O)substituted alkyl, 
—NR5 C(O)cyclo alkyl, —NR5 C(O)substituted cyclo alkyl, 
—NR5 C(O) alkenyl, —NR5 C(O)substituted alkenyl, 
—NR5 C(O) alkynyl, —NR5 C(O)substituted alkynyl, 
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—NR5 C(O) aryl, —NR5 C(O)substituted aryl, 
—NR5C(O)heteroaryl, —NR5C(O)substituted heteroaryl, 
—NR5C(O)heterocyclic, and —NR5C(O)substituted het 
erocyclic Where R5 is hydrogen or alkyl. 

[0070] “Aryl” or “Ar” refers to a monovalent aromatic 
carbocyclic group of from 6 to 14 carbon atoms having a 
single ring (e.g., phenyl) or multiple condensed rings (e.g., 
naphthyl or anthryl) Which condensed rings may or may not 
be aromatic (e.g., 2-benZoxaZolinone, 2H-1,4-benZoxaZin 
3(4H)-one-7-yl, and the like) provided that the point of 
attachment is at an aromatic carbon atom. Preferred aryls 
include phenyl and naphthyl. 

[0071] “Substituted aryl”, including “substituted phenyl” 
refers to aryl groups or phenyl groups Which are substituted 
With from 1 to 3 substituents, and preferably 1 to 2 sub 
stituents, selected from the group consisting of hydroxyl, 
acyl, acylamino, acyloxy, alkyl, substituted alkyl, alkoxy, 
substituted alkoxy, alkenyl, substituted alkenyl, alkynyl, 
substituted alkynyl, amino, substituted amino, aminoacyl, 
aryl, substituted aryl, aryloxy, substituted aryloxy, 
cycloalkoxy, substituted cycloalkoxy, carboxyl, carboxyl 
esters, cyano, thiol, thioalkyl, substituted thioalkyl, thioaryl, 
substituted thioaryl, thioheteroaryl, substituted thiohet 
eroaryl, thiocycloalkyl, substituted thiocycloalkyl, thiohet 
erocyclic, substituted thioheterocyclic, cycloalkyl, substi 
tuted cycloalkyl, halo, nitro, heteroaryl, substituted 
heteroaryl, heterocyclic, substituted heterocyclic, heteroary 
loxy, substituted heteroaryloxy, heterocyclyloxy, and substi 
tuted heterocyclyloxy. 

[0072] “Aryloxy” refers to the group aryl-O— that 
includes, by Way of example, phenoxy, naphthoxy, and the 
like. 

[0073] “Substituted aryloxy” refers to substituted aryl 
O— groups. 

[0074] “Carboxyl” refers to —COOH or salts thereof. 

[0075] “Carboxyl esters” refers to the groups —C(O)O 
alkyl, —C(O)O-substituted alkyl, —C(O)O-aryl, and 
—C(O)O-substituted aryl Wherein alkyl, substituted alkyl, 
aryl and substituted aryl are as de?ned herein. 

[0076] “Cycloalkyl” refers to cyclic alkyl groups of from 
3 to 10 carbon atoms having single or multiple cyclic rings 
one or more of Which may be aromatic or heteroaromatic 
provided that the point of attachment is through a cycloalkyl 
ring atom. Such groups include, by Way of example, ada 
mantyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl 
and the like. 

[0077] “Substituted cycloalkyl” refers to a saturated or 
unsaturated, but not aromatic, cycloalkyl having from 1 to 5 
substituents selected from the group consisting of oxo 
(=0), thioxo (=S), alkyl, substituted alkyl, alkoxy, substi 
tuted alkoxy, acyl, acylamino, acyloxy, amino, substituted 
amino, aminoacyl, aryl, substituted aryl, aryloxy, substituted 
aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl 
esters, cycloalkyl, substituted cycloalkyl, heteroaryl, substi 
tuted heteroaryl, heterocyclic, and substituted heterocyclic. 

[0078] 
[0079] “Substituted cycloalkoxy” refers to —O-substi 
tuted cycloalkyl groups. 

[0080] “Formyl” refers to HC(O)—. 

[0081] “Halo” or “halogen” refers to ?uoro, chloro, bromo 
and iodo and preferably is ?uoro or chloro. 

“Cycloalkoxy” refers to —O-cycloalkyl groups. 
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[0082] “Heteroaryl” refers to an aromatic group of from 1 
to 10 carbon atoms and 1 to 4 heteroatoms selected from the 
group consisting of oxygen, nitrogen, sulfur in the ring. The 
sulfur and nitrogen heteroatoms atoms may also be present 
in their oxidiZed forms, such as >N(O), >S(O) and >S(0)2. 
Such heteroaryl groups can have a single ring (e.g., pyridyl 
or fuiryl) or multiple condensed rings (e.g., indoliZinyl or 
benZothienyl) Wherein the condensed rings may or may not 
be aromatic and/or contain a heteroatom provided that the 
point of attachment is through an atom of the aromatic 
heteroaryl group. Preferred heteroaryls include pyridyl, pyr 
rolyl, thienyl, indolyl, thiophenyl, and furyl. 
[0083] “Substituted heteroaryl” refers to heteroaryl groups 
that are substituted With from 1 to 3 substituents selected 
from the same group of substituents de?ned for substituted 
aryl. 
[0084] “Heteroaryloxy” refers to the group —O-het 
eroaryl and “substituted heteroaryloxy” refers to the group 
—O-substituted heteroaryl. 

[0085] “Heterocycle” or “heterocyclic” or “heterocy 
cloalkyl” refers to a saturated or unsaturated group (but not 
heteroaryl) having a single ring or multiple condensed rings, 
from 1 to 10 carbon atoms and from 1 to 4 hetero atoms 
selected from the group consisting of nitrogen, oxygen, 
sulfur, >S(O), and >S(O)2 Within the ring Wherein, in fused 
ring systems, one or more the rings can be cycloalkyl, aryl 
or heteroaryl provided that the point of attachment is 
through the heterocyclic ring. 

[0086] “Substituted heterocyclic” or “substituted hetero 
cycloalkyl” refers to heterocycle groups that are substituted 
With from 1 to 3 of the same substituents as de?ned for 
substituted cycloalkyl. 

[0087] Examples of heterocycles and heteroaryls include, 
but are not limited to, aZetidine, pyrrole, imidaZole, pyra 
Zole, pyridine, pyraZine, pyrimidine, pyridaZine, indoliZine, 
isoindole, indole, dihydroindole, indaZole, purine, quinoliZ 
ine, isoquinoline, quinoline, phthalaZine, naphthylpyridine, 
quinoxaline, quinaZoline, cinnoline, pteridine, carbaZole, 
carboline, phenanthridine, acridine, phenanthroline, isothia 
Zole, phenaZine, isoxaZole, phenoxaZine, phenothiaZine, 
imidaZolidine, imidaZoline, piperidine, piperaZine, indoline, 
phthalimide, 1,2,3,4-tetrahydroisoquinoline, 4,5,6,7-tet 
rahydrobenZo[b]thiophene, thiaZole, thiaZolidine, 
thiophene, benZo[b]thiophene, morpholinyl, thiomorpholi 
nyl (also referred to as thiamorpholinyl), piperidinyl, pyr 
rolidine, tetrahydrofuranyl, and the like. 

[0088] “Heterocyclyloxy” refers to the group —O-hetero 
cyclic and “substituted heterocyclyloxy” refers to the group 
—O-substituted heterocyclic. 

[0089] “Phosphate” refers to the groups —OP(O)(OH)2 
(monophosphate or phospho), —OP(O)(OH)OP(O)(OH)2 
(diphosphate or diphospho) and —OP(O)(OH)OP(O)(O 
H)OP(O)(OH)2 (triphosphate or triphospho) or salts thereof 
including partial salts thereof. It is understood, of course, 
that the initial oxygen of the mono-, di- and triphosphate 
(phospho, diphospho and triphospho) includes the oxygen 
atom at, for example, the 5-position of the ribose sugar. 

[0090] “Phosphate esters” refers to the mono-, di- and 
tri-phosphate groups described above Wherein one or more 
of the hydroxyl groups is replaced by an alkoxy group. 

[0091] “Phosphonate” refers to the groups 
—OP(O)(R6)(OH) or —OP(O)(R6)(OR6) or salts thereof 
including partial salts thereof, Wherein each R6 is indepen 
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dently selected from hydrogen, alkyl, substituted alkyl, 
carboXylic acid, and carboXyl ester. It is understood, of 
course, that the initial oxygen of the phosphonate includes 
the oxygen atom at, for example, the 5-position of the ribose 
sugar. 

[0092] “Phosphorodiamidate” refers to the group: 

[0093] Where each R7 may be the same or different and 
each is hydrogen, alkyl, substituted alkyl, cycloalkyl, or 
substituted cycloalkyl. A particularly preferred phospho 
rodiamidate is the folloWing group: 

H2N—P—]— 
NH2 I 

[0094] “Phosphoramidate monoester” refers to the group 
beloW, Where R2 and R3 are as de?ned above. In a preferred 
embodiment R2 is derived from an L-amino acid. 

[0095] “Phosphoramidate diester” refers to the group 
beloW, Where R1, R2 and R3 are as de?ned above. In a 
preferred embodiment R2 is derived from an L-amino acid. 

[0096] “Cyclic phosphoramidate” refers to the group 
beloW, Where n is 1 to 3, more preferably n is 1 to 2. 
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[0097] “Cyclic phosphorodiamidate” refers to the group 
beloW, Where n is 1 to 3, more preferably n is 1 to 2. 

O 

| H 
N——l— 1 

NH 

[0098] “Phosphonamidate” refers to the group beloW, 
Where R1 is hydrogen, alkyl, substituted alkyl, cycloalkyl, or 
substituted cycloalkyl. 

CHZRU 

[0099] “Thiol” refers to the group —SH. 

[0100] “Thioalkyl” or “alkylthioether” or “thioalkoXy” 
refers to the group —S-alkyl. 

[0101] “Substituted thioalkyl” or “substituted alkylthioet 
her” or “substituted thioalkoXy” refers to the group —S 
substituted alkyl. 

[0102] “Thiocycloalkyl” refers to the groups —S-cy 
cloalkyl and “substituted thiocycloalkyl” refers to the group 
—S-substituted cycloalkyl. 

[0103] “Thioaryl” refers to the group —S-aryl and “sub 
stituted thioaryl” refers to the group —S-substituted aryl. 

[0104] “Thioheteroaryl” refers to the group —S-het 
eroaryl and “substituted thioheteroaryl” refers to the group 
—S-substituted heteroaryl. 

[0105] “Thioheterocyclic” refers to the group —S-hetero 
cyclic and “substituted thioheterocyclic” refers to the group 
—S-substituted heterocyclic. 

[0106] The term “amino acid sidechain” refers to the R12 
substituent of ot-amino acids of the formula 
R13NHCH(R12)COOH Where R12 is selected from the group 
consisting of hydrogen, alkyl, substituted alkyl and aryl and 
R13 is hydrogen or together With R12 and the nitrogen and 
carbon atoms bound thereto respectively form a heterocyclic 
ring. Preferably, the ot-amino acid sidechain is the sidechain 
one of the tWenty naturally occurring L amino acids. 

[0107] The term “pharmaceutically acceptable prodrugs” 
refers to art recogniZed modi?cations to one or more func 
tional groups Which functional groups are metaboliZed in 
vivo to provide a compound of this invention or an active 
metabolite thereof. Such fuictional groups are Well knoWn in 
the art including acyl groups for hydroXyl and/or amino 
substitution, esters of mono-, di- and tri-phosphates Wherein 
one or more of the pendent hydroXyl groups have been 
converted to an alkoXy, a substituted alkoXy, an aryloXy or 
a substituted aryloXy group, and the like. 

[0108] The term “pharmaceutically acceptable salt” refers 
to pharmaceutically acceptable salts of a compound, Which 
salts are derived from a variety of organic and inorganic 
counter ions Well knoWn in the art and include, by Way of 
eXample only, sodium, potassium, calcium, magnesium, 
ammonium, tetraalkylammonium, and the like; and When 
the molecule contains a basic fuictionality, salts of organic 
or inorganic acids, such as hydrochloride, hydrobromide, 
tartrate, mesylate, acetate, maleate, oXalate and the like. 
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[0109] The term “pharmaceutically acceptable partial 
salts” refers to compounds having a substituent capable of 
having more than one group form a salt but less than the 
maximum amount of such groups actually form a salt. For 
example, a diphospho group can form a plurality of salts 
and, if only partially ionized, the resulting group is some 
times referred to herein as a partial salt. 

[0110] It is understood that in all substituted groups 
de?ned above, polymers arrived at by de?ning substituents 
With further substituents to themselves (e.g., substituted aryl 
having a substituted aryl group as a substituent Which is 
itself substituted With a substituted aryl group, etc.) are not 
intended for inclusion herein. In such cases, the maximum 
number of such substituents is three. That is to say that each 
of the above de?nitions is constrained by a limitation that, 
for example, substituted aryl groups are limited to -substi 
tuted aryl-(substituted aryl)-substituted aryl. 
[0111] Similarly, it is understood that the above de?nitions 
are not intended to include impermissible substitution pat 
terns (e.g., methyl substituted With 5 ?uoro groups or a 
hydroxyl group alpha to ethenylic or acetylenic unsatura 
tion). Such impermissible substitution patterns are Well 
knoWn to the skilled artisan. 

General Synthetic Methods 

[0112] The methods of this invention employ readily 
available starting materials using the folloWing general 
methods and procedures. It Will be appreciated that Where 
typical or preferred process conditions (i.e., reaction tem 
peratures, times, mole ratios of reactants, solvents, pres 
sures, etc.) are given, other process conditions can also be 
used unless otherWise stated. Optimum reaction conditions 
may vary With the particular reactants or solvent used, but 
such conditions can be determined by one skilled in the art 
by routine optimiZation procedures. 

[0113] Additionally, the methods of this invention employ 
protecting groups Which are necessary to prevent certain 
functional groups from undergoing undesired reactions. 
Suitable protecting groups for various functional groups as 
Well as suitable conditions for protecting and deprotecting 
particular functional groups are Well knoWn in the art. For 
example, numerous protecting groups are described in T. W. 
Greene and G. M. Wuts, Protecting Groups in Organic 
Synthesis, Third Edition, Wiley, NY, 1999, and references 
cited therein. 
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[0114] Furthermore, the compounds of this invention con 
tain one or more chiral centers and such compounds can be 

prepared or isolated as pure stereoisomers, i.e., as individual 
enantiomers or diastereomers, or as stereoisomer-enriched 

mixtures. All such stereoisomers (and enriched mixtures) are 
included Within the scope of this invention, unless otherWise 
indicated. Pure stereoisomers (or enriched mixtures) may be 
prepared using, for example, optically active starting mate 
rials or stereoselective reagents Well-knoWn in the art. 
Alternatively, racemic mixtures of such compounds can be 
separated using, for example, chiral column chromatogra 
phy, chiral resolving agents and the like. 

[0115] The starting materials for the folloWing reactions 
are generally knoWn compounds or can be prepared by 
knoWn procedures or obvious modi?cations thereof. For 
example, many of the starting materials are available from 
commercial suppliers such as Aldrich Chemical Co. (Mil 
Waukee, Wis., USA), Bachem (Torrance, Calif., USA), 
Emka-Chemce or Sigma (St. Louis, Mo., USA). Others may 
be prepared by procedures, or obvious modi?cations thereof, 
described in standard reference texts such as Fieser and 
Fieser’sReagentsfor Organic Synthesis, Volumes 1-15 (John 
Wiley and Sons, 1991), Rodd ’s Chemistry of Carbon Com 
pouna's, Volumes 1-5 and Supplementals (Elsevier Science 
Publishers, 1989), Organic Reactions, Volumes 1-40 (John 
Wiley and Sons, 1991), March’s Advanced Organic Chem 
istry, (John Wiley and Sons, 4th Edition), and Larock’s 
Comprehensive Organic Transformations (VCH Publishers 
Inc., 1989). Speci?cally, the compounds of this invention 
may be prepared by various methods knoWn in the art of 
organic chemistry in general and nucleoside and nucleotide 
analogue synthesis in particular. General revieWs of the 
preparation of nucleoside and nucleotide analogues include 
1) Michelson A. M. “The Chemistry of Nucleosides and 
Nucleotides, ”Academic Press, NeW York, 1963; 2) Good 
man L. “Basic Principles in Nucleic Acid Chemistry, ”Aca 
demic Press, NeW York, 1974, vol. 1, Ch. 2; and 3) “Syn 
thetic Procedures in Nucleic Acid Chemistry, ”Eds. Zorbach 
W. & Tipson R., Wiley, NeW York, 1973, vol. 1 & 2. 

[0116] The synthesis of the compounds of this invention 
generally folloWs either a convergent or linear synthetic 
pathWay as described beloW. Scheme 1 beloW illustrates tWo 
different methods for preparing 7-(2‘-methyl-[3-D-ribofura 
nosyl)-4-amino-5-(ethyn-1-yl)-pyrrolo[2,3-d]pyrimidine 
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[0117] Speci?cally, in Scheme 1, commercially available 
4-chloro-pyrrolo[2,3-d]pyrimidine, compound 2, is con 
verted to the 4-chloro-5-iodo-pyrrolo[2,3-d]pyrimidine, 
compound 3, by contact With a slight excess and preferably 
from about 1.05 to 2 equivalents of N-iodo-succinimide in 
a suitable inert diluent such as DMF, acetonitrile, and the 
like. The reaction is typically conducted at from about 0° to 

about 40° C. and preferably at ambient conditions until 
substantial completion of the reaction. Preferably, the reac 
tion is conducted in darkness (e. g., in a foil covered reaction 
chamber) and is typically completed Within about 6 to 24 
hours. The 4-chloro-5-iodo-pyrrolo[2,3-d]pyrimidine, com 
pound 3, can be isolated by conventional methods such as 
?ltration, evaporation and the like. Puri?cation is preferably 
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accomplished by crystallization With the yield of compound 
3 being greater than 90 percent. 

[0118] 4—Chloro-5-iodo-pyrrolo[2,3-d]pyrimidine, com 
pound 3, is combined into a suitable inert solvent such as 
acetonitrile, DMF, and the like at ambient conditions. A 
slight eXcess of sodium hydride, typically from about 1.01 to 
1.1 and preferably about 1.04 equivalents relative to com 
pound 3, is added portionWise to the solution. The resulting 
system is maintained With stirring at ambient conditions for 
a period of from about 0.5 to 4 hours and preferably for 
about 2 hours. Upon substantial completion of the reaction, 
any insoluble particles are removed from the reaction miX 
ture by ?ltration. The sodium salt of compound 3 (not 
shoWn) in this ?ltrate is used in the neXt step Without further 
puri?cation. 

[0119] Separately, 1-methoXy-2-methyl-3,5-di-O-(2,4 
dichlorobenZyl)-D-ribofuranose, compound 8 (described 
beloW), is dissolved in a suitable inert diluent such as 
chloroform, methylene chloride, tetrahydrofuran and the 
like and the resulting system cooled to approximately 00 to 
10° C. The corresponding 1-bromo-2-methyl-3,5-di-O-(2,4 
dichlorobenZyl)-D-ribofuranose (not shoWn) is prepared in 
situ by reaction With gaseous hydrogen bromide Which is 
bubbled through the reaction system until substantial 
completion of the reaction Which typically occurs Within 0.1 
to 1 hour. The resulting product is obtained by evaporation, 
preferably at temperatures not eXceeding 20° C. and residual 
traces of hydrogen bromide removed in vacuo (preferably at 
a pressure less than about 15 torr). 

[0120] An eXcess, typically from about 1.01 to about 2 
equivalents, (more preferably 1.5 to 2 eq) of the sodium salt 
of compound 3 is combined With 1-bromo-2-methyl-3,5-di 
O-(2,4-dichlorobenZyl)-D-ribofuranose in a suitable solvent 
such as acetonitrile, DMF, and the like. Typically, the 
reaction is maintained at ambient conditions until substan 
tially complete, Which typically occurs Within from about 6 
to about 24 hours. The resulting product, 7-(2‘-methyl-3‘,5‘ 
di-O-(2,4-dichlorobenZyl)-[3—D-ribofuranosyl)-4-chloro-5 
iodo-pyrrolo[2,3-d]pyrimidine, compound 4, is isolated by 
conventional procedures. Preferably the reaction solution is 
neutraliZed and the solvent evaporated. Compound 4 is then 
triturated With a suitable solvent, for eXample, toluene, 
Xylenes, and the like. The product can be puri?ed by ?ash 
chromatography folloWed by crystalliZation. 

[0121] Subsequently, the dichlorobenZyl protecting 
groups are removed by conventional procedures such as 
contacting 7-(2‘-methyl-3‘,5‘-di-O-(2,4-dichlorobenZyl)—[3 
D-ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2,3-d]pyrimi 
dine, compound 4, With BCl3 to provide for 7-(2‘-methyl 
[3—D-ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2,3-d] 
pyrimidine, compound 5. Preferably, the reaction is 
conducted in an inert diluent such as chloroform, methylene 
chloride and the like. The reaction mixture is initially 
maintained at from about —60° to about —80° C. over a 
period of from about 1 to 4 hours and then alloWed to Warm 
to —40° to 0° C. until the reaction is substantially complete 
Which typically occurs after an additional 1 to 24 hours. 
AfterWards the reaction is quenched With methanol and is 
then neutraliZed by raising the pH level to about 7, With a 
base, preferably With ammonium hydroXide. The resulting 
7-(2‘-methyl-[3—D-riboftiranosyl)-4-chloro-5-iodo-pyrrolo 
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[2,3-d]pyrimidine, compound 5, is isolated by conventional 
methods such as ?ltration, evaporation, chromatography, 
precipitation, and the like. 

[0122] The 4-chloro group of compound 5 is then ami 
nated by contact With an eXcess of liquid ammonia. The 
reaction is preferably conducted neat at a temperature of 
from about 75° to about 90° C. in a pressure reactor typically 
maintained at from about 100 to about 500 psi. The reaction 
is continued until substantial completion Which typically 
occurs in about 12 to 48 hours. The resulting 7-(2‘-methyl 
[3—D-ribofuranosyl)-4-amino-5-iodo-pyrrolo[2,3-d]pyrimi 
dine, compound 6, is isolated by conventional methods such 
as ?ltration, evaporation, chromatography, precipitation, and 
the like. 

[0123] As shoWn in Scheme 1, the iodo group of either the 
7-(2‘-methyl-[3—D-ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2, 
3-d]pyrimidine, compound 5, or the 7-(2‘-methyl-[3-D-ribo 
furanosyl)-4-amino-5-iodo-pyrrolo[2,3-d]pyrimidine, com 
pound 6, is converted to the corresponding 
(trimethyl)silylacetylenyl group. Conversion is accom 
plished by ?rst dissolving compound 5 or 6 in a suitable inert 
diluent such as DMF, THF or a mixture of DMF/THF such 
as 3:7 ratio. A catalytic amount of both cuprous iodide (Cul) 
and tetrakis(triphenylphosphine)palladium(0) is then added 
to the reaction miXture together With an eXcess, typically 1.1 
to 2 equivalents , of (trimethylsilyl)acetylene. The reaction 
is preferably conducted in the presence of a base such as 
triethylamine and preferably is conducted under an inert 
atmosphere. The reaction is typically conducted at from 
about 10° to about 30° C. and is continued until substantial 
completion Which typically occurs in about 12 to 48 hours. 

[0124] The product derived from compound 5, i.e., 7-(2‘ 
methyl-[3—D-ribofuranosyl)-4-chloro-5-(trimethylsilylethy 
nyl)pyrrolo[2,3-d]pyrimidine, compound 10, is isolated by 
conventional methods such as ?ltration, evaporation, chro 
matography, precipitation, and the like. 

[0125] The product derived from compound 6, i.e., 7-(2‘ 
methyl-[3—D-ribofuranosyl)-4-amino-5-(trimethylsilyl-ethy 
nyl)pyrrolo[2,3-d]pyrimidine, compound 7, is isolated by 
conventional methods such as ?ltration, evaporation, chro 
matography, precipitation, and the like. 

[0126] Compound 7 can then be converted to the acetylene 
derivative (—C=CH) by desilylation Which occurs via 
conventional methods using ammonium hydroXide, potta 
sium carbonate or ?uoride anions. For eXample, reaction of 
7-(2‘-methyl-[3-D-ribofuranosyl)-4-amino-5-(trimethylsilyl 
ethynyl)pyrrolo[2,3-d]pyrimidine, compound 7, With 
ammonium hydroXide in methanol provides for compound 
1. 

[0127] Alternatively, desilylation and amination can be 
employed With compound 10 by reaction With concentrated 
ammonia to provide for compound 1. 

[0128] In an alternative embodiment, compound 3 is ?rst 
treated With a trimethylsilyl acetylene as described above to 
form compound 5a. Compound 5a may be coupled to 
2‘-methyl-3,5-di-O-(2,4-dichlorobenZyl)-D-ribofuranoseas 
described above to form compound 7a. Finally removing the 
2,4-dichlorobenZyl protecting groups from the sugar pro 
vides for compound 10. 

[0129] Scheme 2 beloW illustrates synthetic variations in 
the preparation of 7-(2‘-methyl-[3-D-ribofuranosyl)-4 
amino-5-(ethyn-1-yl)-pyrrolo[2,3-d]pyrimidine, compound 
1. 
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-continued 

[0130] In Scheme 2, 7-(2‘-methyl-3‘,5‘-di-O-(2,4-dichlo 
robenZyl)-[3-D-ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2,3 
d]pyrimidine, compound 4, is aminated in the methods as 
described above to provide for 7-(2‘-methyl-3‘,5‘-di-O-(2,4 
dichlorobenZyl)-[3,-D-ribofuiranosyl)-4-amino-5-iodo-pyr 
rolo[2,3-d]pyrimidine, compound 12. This compound serves 
as a focal point for a varity of reaction schemes Which can 

be used to prepare 7-(2‘-methyl-[3-D-ribofuranosyl)-4 
amino-5-(ethyn-1-yl)-pyrrolo[2,3-d]pyrimidine, compound 
1. 

[0131] In a ?rst embodiment, the hydroxy protecting 
groups of compound 12 are removed using boron trichloride 
in the manner described in Scheme 1 above to provide for 
7-(2‘-methyl-[3-D-ribofuranosyl)-4-amino-5-iodo-pyrrolo[2, 
3-d]pyrimidine, compound 6. Compound 6, in turn, is con 
verted to the corresponding 7-(2‘-methyl-[3-D-ribofurano 
syl)-4-amino-5-(trimethylsilylethynyl)-pyrrolo[2,3-d] 
pyrimidine, compound 7 using a catalytic amount of both 
cuprous iodide (Cul) and tetrakis(triphenyl-phosphine)pal 
ladium (0) together With an excess, typically 1.1 to 2 
equivalents, of (trimethylsilyl)acetylene in the presence of a 
base as described above. 

[0132] In one embodiment, 7-(2‘-methyl-[3-D-ribofurano 
syl)-4-arnino-5-(trimethylsilyl-ethynyl)-pyrrolo[2,3-d]pyri 
midine, compound 7 is desilylated as described above to 
provide for compound 1. 

[0133] In another embodiment, compound 12 is converted 
to the corresponding 7-(2‘-methyl-3‘,5‘-di-O-(2,4-dichlo 
robenZyl)-[3-D-ribofuranosyl)-4-amino-5-(trimethylsilyl 
ethynyl)-pyrrolo[2,3-d]pyrimidine, compound 13 using a 
catalytic amount of both cuprous iodide (Cul) and tetraki 
s(triphenylphosphine)palladium (0) together With an excess, 
typically 1.1 to 2 equivalents, of (trimethylsilyl)acetylene in 
the presence of a base as described above. 

[0134] Compound 13 is subject to both desilylation and 
removal of the hydroxy protecting groups to provide for 
compound 1. As shoWn in Scheme 2, the order of these tWo 
steps is immaterial and in one embodiment, desilylation 
proceeds ?rst in the manner described above to provide for 
7-(2‘-methyl-3‘,5‘-di-O-(2,4-dichlorobenZyl)-[3-D-ribofura 
nosyl)-4-amino-5-ethynyl-pyrrolo[2,3-d]pyrimidine, com 

pound 14, Which is then subject to removal of the hydroxy 
blocking groups, also as described above, to provide for 
compound 1. In another embodiment, removal of the 
hydroxy blocking groups proceeds ?rst to provide for 7-(2‘ 
methyl-[3-D-ribofuranosyl)-4-amino-5-(trimethylsilyl-ethy 
nyl)-pyrrolo[2,3-d]pyrimidine, compound 7 Which is then 
subject to desilylation to provide for compound 1. 

[0135] Alternatively, compound 7a can be prepared by 
reacting compound 4 With a trimethylsilyl acetylene as 
described above. The trimethylsilyl group of compound 7a 
can be removed as described above to provide for compound 

15. Compound 16 is prepared by removal of the benZyl 
protecting groups from compound 15. Amination of com 
pound 15 using techniques described above provides for 
compound 1. 

[0136] In another alternative process, compound 7a can be 
converted directly to compound 14 by aminating With liquid 
ammonia. 

[0137] The 2-substituted ribose sugars used in Schemes 1 
and 2 above can be prepared from methods Well knoWn in 
the art. For example, one starting material of these com 
pounds is an appropriately substituted sugar With 2‘-OH and 
2‘-H. The sugar can be purchased or can be prepared by any 
knoWn means including standard epimeriZation, substitu 
tion, oxidation and/or reduction techniques. For example, 
commercially available 1,3,5-tri-O-benZoyl-ot-D-ribofura 
nose (Pfanstiel Laboratories, Inc.) can be used. The substi 
tuted sugar can then be oxidiZed With the appropriate 
oxidiZing agent in a compatible solvent at a suitable tem 
perature to yield the 2‘-modi?ed sugar. Possible oxidiZing 
agents are, for example, Dess-Martin periodine reagent, 
Ac2O+ DCC in DMSO, SWern oxidation (DMSO, oxalyl 
chloride, triethylamine), Jones reagent (a mixture of chromic 
acid and sulfuric acid), Collins’s reagent (dipyridine Cr(VI) 
oxide, Corey’s reagent (pyridinium chlorochromate), pyri 
dinium dichromate, acid dichromate, potassium permanga 
nate, MnO2, ruthenium tetraoxide, phase transfer catalysts 
such as chromic acid or permanganate supported on a 

polymer, Cl2-pyridine, H2O2-ammonium molybdate, 
NaBrO2—CAN, NaOCl in HOAc, copper chromite, copper 
oxide, Raney nickel, palladium acetate, MeerWin-Pondorf 
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Verley reagent (aluminum t-butoXide With another ketone) 
and N-bromosuccinimide. 

[0138] Coupling of an organometallic carbon nucleophile, 
such as a Grignard reagent, an organolithium, lithium 
dialkylcopper or CH3-SiMe3 in TBAF With the ketone With 
the appropriate non-protic solvent at a suitable temperature, 
yields the 2‘-methyl sugar. For example, CH3MgBr/TiCl4 or 
CH3MgBr/CeCl3 can be used as described in Wolfe et al. 
1997. J. Org. Chem. 62: 1754-1759. The methylated sugar 
can be optionally protected With a suitable protecting group, 
preferably With an acyl, substituted alkyl or silyl group, by 
methods Well knoWn to those skilled in the art, as taught by 
Greene et al. Protective Groups in Organic Synthesis, John 
Wiley and Sons, Second Edition, 1991. 

[0139] In addition to the above, the 2‘—C-substituted 
sugars used in the synthetic methods described herein are 
Well knoWn in the art and are described, for eXample, by 
Sommadossi, et al.10 and by Carrol, et al.11’12 all of Which 
are incorporated herein by reference in their entirety. 

[0140] Scheme 3 beloW describes the alternative synthesis 
of a protected sugar that is useful for coupling to the bases 
described herein. 
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[0141] Formation of sugar a in Scheme 1, above, is 
accomplished as described by Mandal, S. B., et al., Synth. 
Commun, 1993, 9, page 1239, starting from commercial 
D-ribose. Protection of the hydroXy groups to form sugar b 

is described in Witty, D. R., et al., Tet. Lett., 1990, 31, page 
4787. Sugar c and d are prepared using the method of Ning, 
J. et al., Carbohydr Res., 2001, 330, page 165, and methods 
described herein. Sugar e is prepared by using a modi?cation 
of the Grignard reaction With CH3MgBr or other appropriate 
organometallic as described herein (With no titanium/cerium 
needed). Finally the halogenated sugar (X‘=halo) used in the 
subsequent coupling reaction is prepared using the same 
protection method as used to make sugar b above. The 

halogenation is described in Seela, US. Pat. No. 6,211,158. 

[0142] Subsequently, any of the described nucleosides can 
be deprotected by methods Well knoWn to those skilled in the 
art, as taught by Greene et al. Protective Groups in Organic 
Synthesis, Jon Wiley and Sons, Second Edition, 1991. 

[0143] An alternative approach to making protected sug 
ars useful for coupling to heterocyclic bases is detailed in 
Scheme 4 beloW. 

Ph 

Where Ph is phenyl and X’ is a suitable leaving group such as halo 
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[0144] In Scheme 4, methylation of the hydroXy group of 
compound g proceeds via conventional methodology to 
provide for compound h. The 2, 3 and 5 hydroXy groups of 
the compound h are each protected With 2,4-dichiorobenZyl 
groups to provide for compound i. Selective deprotection of 
the 2-(2‘,4‘-dichlorobenZyl) group on compound i proceeds 
via contact With stannous chloride in a suitable solvent such 

as methylene chloride, chloroform, and the like at reduced 
temperatures, e.g., ~0 to 5° C., until reaction completion, 
e.g., 24-72 hours provides for compound j. Oxidation of the 
2-hydroXy group proceeds as described herein to provide for 
compound k. Methylation also proceeds as described herein 
to provide for compound 1. 

[0145] Preparation of compounds Where W, W1 or W2 is 
other than hydrogen, using the compounds prepared as 
above as the starting materials, can be accomplished using 
the methods described in the folloWing revieWs of prodrug 
preparation: 
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[0146] 1) CooperWood, J. S. et al., “Nucleoside andNucle 
otia'e prodrugs, ” in Ed(s) Chu, C. K. Recent Advances in 
Nucleosides (2002), 92-147. 

[0147] 2) Zemlicka, J. et al., Biochimica et Biophysica 
Acta (2002), 15s(2-3), 276-286. 
[0148] 3) Wagner, C. etal., Medicinal Research RevieWs 
(2002), 20(6), 417-451. 
[0149] 4) Meier, C. et al., Synlett (1998), (3), 233-242. 
[0150] For eXample, conversion of the 5‘-hydroXyl group 
of the 1-[5-(alkynyl)-4-amino-pyrrolo[2,3-d]pyrimidine] 
2‘—C-methyl-[3-D-ribofuranoside compounds to a phospho, 
diphospho or triphospho-analog can prepared using the 
methods describe in D. W. Hutchinson, (Ed. Leroy b. 
ToWnsend) “The Synthesis, reaction and Properties of 
Nucleoside Mono-, Di-, Tri-, and tertaphosphate and 
Nucleosides With Changes in the Phosphoryl Residue,” 
Chemistry of Nucleosides and Nucleotides, Plenum Press, 
(1991) 2. 
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[0151] The preparation of amino acid esters on the ribo 
furanoside can be accomplished as shown in Scheme 5 
below: 

H 

|| 0 
H 

NHZ N- Boc 
/ HO R 

/ \ N R—> B N 
N OC _ 

o ,J H 
HO N 

0 

HO OH 

R 

HZN O 

o 

0 

HO OH 

22 

a R = isopropyl 
b R = methyl 

[0152] The desired boc-protected amino acid, (p)referably 
an L-amino acid), and N,N‘-carbonyldiimidaZole are dis 
solved in an inert solvent such as THF. The reaction mixture 
is held betWeen about 20 and about 40° C. for about 0.5 to 
24 hours. A solution containing an slight excess of the 
desired nucleoside in an inert solvent such as DMF, is added 
to the Boc-protected amino acid mixture and is heated at 
about 40 to about 80° C. for about 2 to about 24 hours. A 
mixture of structural isomers is isolated and separated using 
conventional techniques such as evaporation, precipitation, 
?ltration, crystallization, chromatography and the like. 
[0153] The desired ester is then acidi?ed using, for 
example, 1:1 v/v TFA/DCM solution for about 0.1 to about 
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1 hour about 20 and about 40° C. and evaporated. The 
residue is dissolved in Water and held at about 0 to about 30° 
C. for about 2 to about 24 hours. The mixture can be 

H 

H 

41* || NHz / \ 
/ / N 

O N lDN + [IO/WI] N; 
W N’ O 

O OH 

HO OH R 
O 

21 / NH; 
Boc 

HO 

NH2 

separated and the desired product isolated by RP-HPLC 
using standard techniques and conditions. 

[0154] While the scheme above demonstrates the produc 
tion of deaZapurine prodrugs, this process can be used on 
any desired nucleoside compound. Likewise, the amino acid 
may be protected With any protective group appropriate to 
the reaction conditions. These protective groups are Well 
knoWn in the art. 

[0155] The preparation of other alkyl esters on the ribo 
furanoside can be accomplished as shoWn in Scheme 6 
beloW: 
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HO 

HO OH 

[0156] Compound 1 is dissolved in a dry solvent, such as 
pyridine, and a silylhalide, such as tert-butylchlorodiphe 
nylsilane, is added to form a protecting group at the 5‘-po 
sition on the sugar. Any protecting group Which can be 
directed to the 5‘-position and can be removed orthongally to 
the ?nal desired 3‘-ester can be used. This reaction is run for 
about 4 to 24 hours at a temperature of about 10 to 40° C. 
The desired acyl chloride is added to the protected nucleo 
side, compound 30, and stirred for about 4 to about 24 hours 
to form compound 31. Which can be isolated and puri?ed 
using standard techniques such as isolation, crystallization, 
extraction, ?ltration, chromatography and the like. Com 
pound 32 is prepared by removing the protecting group at 
the 5‘-position. This can be accomplished by reacting corn 
pound 30 With a 1 M solution of tetrabutylarnrnoniurn 
?uoride in THF. The ?nal product is isolated and puri?ed 
using standard techniques such as isolation, crystalliZation, 
extraction, ?ltration, chromatography and the like. 

[0157] While the scheme above demonstrates the produc 
tion of deaZapurine prodrugs, this process can be used on 
any desired nucleoside cornpound. 
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Utility, Testing, and Administration 

[0158] Utility 
[0159] The present invention provides novel compounds 
possessing antiviral activity, including against hepatitis C 
virus. The compounds of this invention inhibit viral repli 
cation by inhibiting the enZyrnes involved in replication, 
including RNA dependent RNA polymerase. They may also 
inhibit other enzymes utiliZed in the activity or proliferation 
of viruses in the?aviviridae family, such as HCV. 

[0160] The compounds of the present invention can also 
be used as prodrug nucleosides. As such they are taken up 
into the cells and can be intracellularly phosphorylated by 
kinases to the triphosphate and are then inhibitors of the 
polymerase (NSSb) and/or act as chain-terrninators. 

[0161] Compounds of this invention may be used alone or 
in combination With other compounds to treat viruses. 

[0162] Administration and Pharmaceutical Cornposition 

[0163] In general, the compounds of this invention Will be 
administered in a therapeutically effective amount by any of 
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the accepted modes of administration for agents that serve 
similar utilities. The actual amount of the compound of this 
invention, i.e., the active ingredient, Will depend upon 
numerous factors such as the severity of the disease to be 
treated, the age and relative health of the subject, the potency 
of the compound used, the route and form of administration, 
and other factors. The drug can be administered more than 
once a day, preferably once or tWice a day. 

[0164] Therapeutically effective amounts of compounds 
of Formula I may range from approximately 0.05 to 50 mg 
per kilogram body Weight of the recipient per day; prefer 
ably about 0.01-25 mg/kg/day, more preferably from about 
0.5 to 10 mg/kg/day. Thus, for administration to a 70 kg 
person, the dosage range Would most preferably be about 
35-70 mg per day. 

[0165] In general, compounds of this invention Will be 
administered as pharmaceutical compositions by any one of 
the folloWing routes: oral, systemic (e.g., transdermal, intra 
nasal or by suppository), or parenteral (e.g., intramuscular, 
intravenous or subcutaneous) administration. The preferred 
manner of administration is oral using a convenient daily 
dosage regimen that can be adjusted according to the degree 
of af?iction. Compositions can take the form of tablets, pills, 
capsules, semisolids, poWders, sustained release formula 
tions, solutions, suspensions, eliXirs, aerosols, or any other 
appropriate compositions. Another preferred manner for 
administering compounds of this invention is inhalation. 

[0166] The choice of formulation depends on various 
factors such as the mode of drug administration and bio 
availability of the drug substance. For delivery via inhala 
tion the compound can be formulated as liquid solution, 
suspensions, aerosol propellants or dry poWder and loaded 
into a suitable dispenser for administration. There are sev 
eral types of pharmaceutical inhalation devices-nebuliZer 
inhalers, metered dose inhalers (MDI) and dry poWder 
inhalers (DPI). NebuliZer devices produce a stream of high 
velocity air that causes the therapeutic agents (Which are 
formulated in a liquid form) to spray as a mist that is carried 
into the patient’s respiratory tract. MDI’s typically are 
formulation packaged With a compressed gas. Upon actua 
tion, the device discharges a measured amount of therapeutic 
agent by compressed gas, thus affording a reliable method of 
administering a set amount of agent. DPI dispenses thera 
peutic agents in the form of a free ?oWing poWder that can 
be dispersed in the patient’s inspiratory air-stream during 
breathing by the device. In order to achieve a free ?oWing 
poWder, the therapeutic agent is formulated With an eXcipi 
ent such as lactose. A measured amount of the therapeutic 
agent is stored in a capsule form and is dispensed With each 
actuation. 

[0167] Recently, pharmaceutical formulations have been 
developed especially for drugs that shoW poor bioavailabil 
ity based upon the principle that bioavailability can be 
increased by increasing the surface area i.e., decreasing 
particle siZe. For example, US. Pat. No. 4,107,288 describes 
a pharmaceutical formulation having particles in the siZe 
range from 10 to 1,000 nm in Which the active material is 
supported on a crosslinked matriX of macromolecules. US. 
Pat. No. 5,145,684 describes the production of a pharma 
ceutical formulation in Which the drug substance is pulver 
iZed to nanoparticles (average particle siZe of 400 nm) in the 
presence of a surface modi?er and then dispersed in a liquid 
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medium to give a pharmaceutical formulation that exhibits 
remarkably high bioavailability. 

[0168] The compositions are comprised of in general, a 
compound of Formula I in combination With at least one 
pharmaceutically acceptable eXcipient. Acceptable eXcipi 
ents are non-toXic, aid administration, and do not adversely 
affect the therapeutic bene?t of the compound of Formula I. 
Such eXcipient may be any solid, liquid, semi-solid or, in the 
case of an aerosol composition, gaseous eXcipient that is 
generally available to one of skill in the art. 

[0169] Solid pharmaceutical eXcipients include starch, 
cellulose, talc, glucose, lactose, sucrose, gelatin, malt, rice, 
?our, chalk, silica gel, magnesium stearate, sodium stearate, 
glycerol monostearate, sodium chloride, dried skim milk and 
the like. Liquid and semisolid eXcipients may be selected 
from glycerol, propylene glycol, Water, ethanol and various 
oils, including those of petroleum, animal, vegetable or 
synthetic origin, e.g., peanut oil, soybean oil, mineral oil, 
sesame oil, etc. Preferred liquid carriers, particularly for 
injectable solutions, include Water, saline, aqueous deXtrose, 
and glycols. 

[0170] Compressed gases may be used to disperse a com 
pound of this invention in aerosol form. Inert gases suitable 
for this purpose are nitrogen, carbon dioXide, etc. Other 
suitable pharmaceutical eXcipients and their formulations 
are described in Remington’s Pharmaceutical Sciences, 
edited by E. W. Martin (Mack Publishing Company, 18th 
ed., 1990). 
[0171] The amount of the compound in a formulation can 
vary Within the full range employed by those skilled in the 
art. Typically, the formulation Will contain, on a Weight 
percent (Wt%) basis, from about 0.01-99.99 Wt% of a 
compound of Formula I based on the total formulation, With 
the balance being one or more suitable pharmaceutical 
eXcipients. Preferably, the compound is present at a level of 
about 1-80 Wt%. Representative pharmaceutical formula 
tions containing a compound of Formula I are described 
beloW. 

[0172] Additionally, the present invention is directed to a 
pharmaceutical composition comprising a therapeutically 
effective amount of a compound of the present invention in 
combination With a therapeutically effective amount of 
another active agent against RNA-dependent RNA virus 
and, in particular, against HCV. Agents active against HCV 
include, but are not limited to, ribavirin, levovirin, virami 
dine, thymosin alpha-1, an inhibitor of HCV NS3 serine 
protease, or an inhibitor of inosine monophosphate dehy 
drognease, interferon-0t, pegylated interferon-0t (peginter 
feron-ot), a combination of interferon-0t and ribavirin, a 
combination of peginterferon-ot and ribavirin, a combination 
of interferon-0t and levovirin, and a combination of peginter 
feron-ot and levovirin. Interferon-0t includes, but is not 
limited to, recombinant interferon-(x2a (such as ROFERON 
interferon available from Hoffman-LaRoche, Nutley, N.J.), 
interferon-(x2b (such as Intron-A interferon available from 
Schering Corp., KenilWorth, N.J., USA), a consensus inter 
feron, and a puri?ed interferon-0t product. For a discussion 
of ribavirin and its activity against HCV, see J. O. Saunders 
and S. A. Raybuck, “Inosine Monophosphate Dehydroge 
nase: Consideration of Structure, Kinetics and Therapeutic 
Potential,”Ann. Rep. Med. Chem, 35:201-210 (2000). 
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EXAMPLES 

[0173] The examples below as Well as throughout the 
application, the following abbreviations have the following 
meanings. If not de?ned, the terms have their generally 
accepted meanings. 

AcOH or HOAc = acetic acid 

Ac2O = acetic anhydride 
Ar = aryl hydrogen 
atm = Atmosphere 

CAN = ceric ammonium nitrate 

bs = Broad singlet 
cm = Centimeter 

d = Doublet 

dd = doublet of doublets 

dt = doublet of triplets 
DBU = 1,8—diazabicyclo[5.4.0]undec—7—ene 

DCB = 2,4-dichlorobenzyl 

DCM = dichloromethane 

DCC = dicyclohexylcarbodiimide 

DMEM = Delbecco’s minimum eagles medium 

DMF = dimethylformamide 

DMSO = dimethylsulfoxide 

DTT = Dithiothreitol 

EDTA = ethylene diamine tetraacetic acid 

Fmoc = 9-fluorenylmethyl chloroformate 

eq. or eq = Equivalents 

g = Gram 

h or hr = Hour 

HCV = hepatitis C virus 

HPLC = high performance liquid chromatography 
IC5O = Inhibitory concentration at 50% inhibition 

IPTG = Isopropyl [5-D-1-thiogalactopyranoside 
IU = international units 

kg = Kilogram 
L = Liters 

m = Multiplet 

M = Molar 

Me = Methyl 

mg = Milligram 

min = minutes 

mL = Milliliter 

mm = Millimeters 

mM = Millimolar 

mmol = Millimol 

MS = mass spectrum 

mp = Melting point 
ng = Nanograms 

nm = Nanometers 

nM = Nanomolar 

NMR = nuclear magnetic resonance 

NTA = Nitrilotriacetic acid 

NTP = nucleotide triphosphate 

reverse phase high performance liquid 
RP HPLC = chromatography 

s = Singlet 

t = Triplet 

TBAF = Tetrabutylammonium fluride 

TC5O = Toxic concentration at 50% cell toxicity 
TEA = 

TFA = Trifluoroacetic acid 

THF = tetrahydrofuran 

Tlc or TLC = thin layer chromatography 

UTP = uridine triphosphate 

UV = ultraviolet 

,uL = Microliters 

,ug = Micrograms 

,uM = Micromolar 

v/v = volume to volume 

Wt % = Weight percent 
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[0174] In addition, all reaction and melting temperatures 
are in degrees Celsius unless reported otherWise and all 
percentages are molar percents again unless indicated oth 
erWise. 

[0175] In the eXamples beloW as Well as elseWhere 
throughout this application, the claimed compounds employ 
the folloWing numbering system: 

EXample 1 

Synthesis of the sugar intermediate 1-methoXy-2 
methyl-3,5-di-O-(2,4-dichlorobenZyl)-D-ribofura 

nose (Compound 8): 

[0176] The title compound Was prepared using the meth 
ods described in Martin, P.; Helv. Chim. Acta, 1995, 78, 486 
and Carroll, et al. International Patent Application WO 
02/057287 A2. 

EXample 2 

Preparation of 7-(2‘-methyl-[3-D-ribofuranosyl)-4 
amino -5 -(ethyn-1 -yl)-pyrrolo[2,3-d]pyrimidine 

(Compound 1) 

[0177] 

HO 

Step 1. 4—Chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimi 
dine (Compound 3) 

[0178] 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 10.75g (70 
mmol) (Toronto Research Chemicals, Inc) and N-iodosuc 
cinimide (16.8g, 75 mmol) Were dissolved in 400 mL of dry 
DMF and left at ambient temperature in the darkness over 
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night. The solvent Was evaporated. The yellow residue Was 
suspended in hot 10% solution of Na2SO3, ?ltered, Washed 
tWice With hot Water and crystallized from ethanol to yield 
14.6 g (74.6%) of the title compound as off-White crystals. 
The mother liquid Was evaporated up to 1/3 volume and 
crystalliZed again from ethanol to give 2.47 g (12.3%) of the 
title product. 

[0179] Total yield is close to 100%. 

[0180] M.p. 212-214 (decomposition) 

[0181] UV kmax: 307, 266, 230, 227 nm (methanol) 

[0182] MS: 277.93 (M-H), 313 (M+C1) 

[0183] 1H-NMR(DMSO-d6): 12.94 (s, 1H, NH), 8.58 (s, 
1H, 11-2), 7.94 (s, 1H, H-8) 

Step 2. 7-(2‘-methyl-3‘,5‘-di-O-(2,4-dichlorobenZyl) 
13-D-ribofuranosyl)-4-chloro-5-iodo-pyrrolo[2,3-d] 

pyrimidine (Compound 4) 

[0184] The base (Compound 3), obtained above, (33.5 g, 
120 mmol) Was suspended in 1000 mL of CH3CN. NaH Was 
added portionWise (5g, 125 mmol 60% in oil) and the 
reaction mixture Was stirred at room temperature until NaH 
Was dissolved (about 2 hours). 1-methoxy-2-methyl-3,5-di 
O-(2,4-dichlorobenZyl)-D-ribofuranose (Compound 8, see 
Example 1 above) (33g, 60 mmol) Was dissolved in 1000 mL 
of DCM and cooled to 40 C. in an ice/Water bath. HBr—gas 
Was bubbled through DCM solution for about 30 min. The 
reaction Was monitored by TLC by disappearance of the 
starting sugar (ether/hexane 9: 1 v/v). Upon reaction comple 
tion, the solvent Was evaporated With a bath temperature not 
higher that 200 C. and kept for 30 min. in deep vacuum to 
remove all traces of HBr. A solution of the preformed 
Na-salt of base 3 Was quickly ?ltered and the ?ltrate added 
to the sugar component. The reaction Was kept overnight at 
ambient temperature, then neutraliZed With HCl/dioxane and 
evaporated. Toluene (300 mL) Was added to form a light tan 
precipitate of nonreacted heterocyclic base Which Was ?l 
tered off. The ?ltrate Was concentrated to a volume of 
approximately 150 mL and loaded onto a 2 L glass ?lter With 
silica gel. The ?lter Was Washed With 1 L of toluene, the 
product Was eluted With 10% ethyl acetate in toluene (about 
9 L of solvent). The solvent Was evaporated and the residue 
crystallized from ethanol to yield 27.5 g (55.6%) of titled 
nucleoside. 

[0185] M.p. 67-70 

[0186] 1H-NMR(DMSO-d6): 8.66 (s, 1H, H-2), 8.07 (s, 
IH, H-8), 7.62-7.34 (m, 6H, dichlorophenyl), 6.22 (s, 1H, 
11-1‘), 5.64 (s, 1H, 11-3‘), 4.78-4.55 (m, 4H, CHZ-benZyl, 
2‘-OH, 11-4‘), 4.20 (s, 2H, CHZ-benZyl), 3.97-3.93 and 
378-375 (dd, 1H, 11-5‘), 0.92 (s, 3H, 2‘-methyl) 

[0187] MS: 743.99 (M+H), 

Step 3. 7-(2‘-methyl-[3—D-ribofuranosyl)-4-chloro-5 
iodo-pyrrolo[2,3-d]pyrimidine (compound 5) 

[0188] To a solution of compound 4 from the previous step 
(27.5 g) in DCM (800 mL) at —70° C. Was added boron 
trichloride (IM in DCM, 400 mL) dropWise. The mixture 
Was stirred at —70° C. for 2.5 hours and additionally over 
night at —20° C. The reaction Was quenched by addition of 
methanol/DCM (500 mL, 1:1) and the resulting mixture 
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stirred at —20° C. for 30 min., then neutraliZed by aqueous 
ammonia at the same temperature. The solid Was ?ltered and 
Washed 3 times With methanol/DCM (1:1 v/v). The ?ltrates 
Were combined With 200 mL of silica gel and evaporated up 
to dryness. The dry residue Was distributed betWeen 1500 
mL of acetonitrile and 300 mL of hexane. Acetonitrile Was 
collected, extracted 3 times With hexane and evaporated. 
The residue Was dissolved in ethyl acetate (600 mL) and 
Washed 5 times With Water, brine, dried over sodium sulfate 
and evaporated. The residue Was puri?ed from small amount 
of nonreacted base by ?ash chromatography on silica gel in 
methanol/acetone 1:2 v/v (about 3 liters). The solvent Was 
evaporated and the residue crystalliZed from acetone/hexane 
to give 12.9 g (82%) of the title nucleoside 5. 

[0189] lH-NMR (DMSO-d6): 8.84 (s, 1H, H-2), 8.20 (s, 
1H, H-8), 6.21 (s, 1H, 11-1‘), 4.00-3.60 (m, sugar), 0.84 (s, 
3H, 2‘-methyl) 

[0190] MS: 426.26 (M+H) 

[0191] M.p. 182-185 

Step 4. 7-(2‘-methyl-[3—D-ribofuranosyl)-4-amino-5 
iodo-pyrrolo[2,3-d]pyrimidine (Compound 6) 

[0192] Nucleoside 5 (1.5 g, 3.5 mmol) prepared above Was 
treated With liquid ammonia at 85° C. for 24 hours in a metal 
pressure reactor. After evaporation of ammonia, the crude 
residue Was dissolved in methanol, silica gel added (about 
20 mL) and concentrated to dryness. The product bearing 
silica gel Was then loaded onto a silica gel column (5><10 cm) 
in acetone and then eluted, collecting 50 mL fractions. 
Fractions 2-8 contained the titled compound. Acetone Was 
evaporated and the residue crystalliZed from methanol/ 
acetonitrile to give 1.2 g (84%) of the titled nucleoside 

[0193] M.p. 220-222 (decompostion) 

[0194] lH-NMR (DMSO-d6): 8.20 (s, 1H, H-2), 7.80 (s, 
1H, H-8), 6.80-6.50 (bs, 2H, N112), 6.09 (s, 1H, 11-1‘), 5.19 
(t, 1H, sugar), 5.13-5.11 (m, 2H, sugar), 4.00-3.70 (m, 3H, 
sugar), 3.60-3.20 (m, 1H, sugar), 0.84 (s, 3H, 2‘-methyl). 

[0195] MS 407.32 (M+H). 

Step 5. 7-(2‘-methyl-[3—D-ribofuranosyl)-4-amino-5 
(trimethylsilanylethyn-1-yl) -pyrrolo[2,3-d]pyrimi 

dine (Compound 7) 

[0196] Aminonucleoside 6, synthesiZed in the previous 
step, (1.7 g, 4.2 mmol) Was dissolved in a mixture of 12 mL 
dry DMF and 28 mL dry THF. Triethylamine (3.6 mmol, 0.5 
mL) and CuI (1 mmol, 80 mg) Were added and the ?ask Was 
?lled With argon. Tetrakis(triphenylphosphine)palladium(0) 
(0.04 mmol, 46 mg) folloWed ?nally by (trimethylsily 
l)acetylene (1.5 eq.) Were added and the mixture Was stirred 
under argon for 20 hours. The solvent Was then evaporated, 
the residue dissolved in acetone and then ?ltered through 
silica gel (5><10 cm) on a glass ?lter ?nnel. The acetone Was 
evaporated, the residue dissolved in acetonitrile and ?ltered 
again through the silica gel column of the same siZe With 
elution using acetonitrile. The acetonitrile Was concentrated 
to a small volume, then approx. 10 volumes of ether Were 
added and the solution Was sonicated for 5 min. White 
crystals of the titled compound formed, yielding 0.8g com 
pound 7 (71%). 

[0197] M.p. 188-191 (decomposition) 


















